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ABSTRACT 



A study of ionizing radiation effects in rochelle salt has been 
conducted using the X-rays from a standard diffraction unit. The 
effects found show that the ferroelectric properties are changed mark- 
edly during a short exposure time. New observations, reported for the 
first time, suggest an explanation of the dielectric changes. These 
effects are a strain, produced apparently by an irradiation induced 
charge, sufficient to cause plastic deformation of the crystal as shown 
by slip marks. The biasing effect of the irradiation induced charge 
and the stress, as a result of the slip, are shown to cause the ferro- 
electric hystersis loop distortions and the final complete dissappearance 
of the ferroelectric behavior. These effects are apparent after re- 
latively light irradiations and appear to involve only slight disrup- 
tion of the chemical bonds in the crystals. The decomposition of the 
crystal as expected with additional irradiation has not been investi- 
gated. 

The writer wishes to express his appreciation for the assistance*, 
many helpful suggestions, and the encouragement given him by Professor 
John R. Clark, of the U. S. Naval Postgraduate School, during this 
investigation. He, also, wishes to thank Professor C. H. Rothauge, 
of the Electrical Engineering Department, and Mr. R, F. Edwards and 
W. D. Penpraze, of the Metallurgy and Chemistry Department, for their 
assistance in building and the designing the equipment used. He is 
indebted to Mr. R. S. Alger of the U. S. Naval Radiological Defense 
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INTRODUCTION 



The physics of radiation and its effects on materials is a new 
field of vital importance to the materials engineer. The discovery 
of radioactive minerals and the production of the first X-rays at 
about the same time during the latter part of the nineteenth century 
first brought attention to radioactive radiation with its many dangers 
and uses. The first uses of nuclear fission to produce power in the 
last twenty years has intensified the problem of the interaction of 
radiation with materials. For the first time the engineer has be- 
come directly concerned with the effects of radiation on materials. 

A more thorough knowledge of the effects of radiation on engineering 
materials is needed by the engineer to design for the control and use 
of nuclear power. 

Many studies have been and are being made of the effects of 
radiation on materials. To obtain any noticeable effects in most 
engineering materials, these experiments must be conducted where 
high radiation flux is available. Any installation which can give 
the great amount of radiation required is expensive to install and 
to maintain. Therefore any studies in this field which can be 
conducted without a powerful radiation source become attractive to 
anyone interested in radiation damage. 

In some ferroelectric materials a relatively weak source of radia 
tion such as an X-ray machine or portable Cobalt 60 source can be used 
to produce noticeable effects in a short exposure time. The effects 
which have been reported to date have dealt primarily with the di- 
electric changes. This material offers an opportunity for study 
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which does not require most of the costly equipment associated with radia- 
tion damage studies. 

Studies of radiation damage in ferroelectric materials have been 

conducted by V. A. Iurin and I. S. Zheludrv^^ in Russia using a Cobalt 

60 source and X-rays of an unspecified strength. In the United States, 

( 2 ) 

A. G. Chynoweth conducted studies at Bell Telephoen Laboratories using 
a standard X-ray diffraction unit. 

These reports demonstrated that some radiation damage experiments 
with ferroelectrics were possible at the U. S. Naval Postgraduate School. 
X-ray diffraction units were available as a radiation source and the 
other equipment required could be built easily and cheaply. It was 
proposed that studies be conducted to investigate why small amounts of 
radiation produce the dielectric changes in ferroelectrics. 



(1) Bulletin of the Academy of Science of the USSR Vol. 20 pp 197 
and Vol. 21, No. 3, pp 341. 

(2) Phys Rev. Vol. 113 pp 159. 
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FERROELECTRICS 



Ferroelectrics are an engineering material for the electronic 
industry. A ferroelectric is a material which exhibits a spontaneous 
polarization when placed in an electric field. Polarization is 
usually demonstrated in an electric circuit similiar to the circuit 
described latter in the paper. Most applications of ferroelectrics 
to date have been because of their piezoelectric properties and high 
dielectric constants, rather than the spontaneous polarization. They 
have been used as piezoelectrics in sonar transducers, pick-up 
crystals in microphones and .phonographic turntables, and as capaci- 
tors in electrical circuits. Present interest in ferroelectrics 
is in developing them as storage elements for computers. 

Valasek while studying the dielectric properties of rochelle 

salt first noticed the analogy of their dielectric hystersis loops 

(3) 

with the hystersis loops of ferromagnetic materials. This was the 
origin of the name ferroelectrics for these materials. 

Ferroelectric materials are usually divided into several groups 
in accordance with their physical characteristics. The first group 
historically consist of tartaric acid salts which have a complex 
crystalline structure. Rochelle salt is the most familiar of this 
group. The second group consists of crystals with hydrogen bonds 
in which the motion of the proton is specifically connected with the 
ferroelectric properties. Potassium dihydrogen phosphate is the 



(3) Ibid Vol . 19 pp 478 
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best known ferroelectric of this group, A third group consists of 
ionic crystals which have structures closely related to the perovskite 
and ilmenite structures. This is the simplest type structure to 
exhibit ferroelectric behavior. From this group, data on barium 
titanate is readily available. There are many other materials which 
are ferroelectric but very little information is available about 
them. 

As in ferromagnetics the ferroelectrics have a Curie tempera- 
ture which is the upper limit of their spontaneous polarization. 

In the case of rochelle salt there is also a lower temperature be- 
low which it is not ferroelectric. 

Rochelle salt seemed to be the best choice of the ferroelectrics 
to study for several reasons. First, a large amount of work has 
been done with it, both experimental and theoretical, giving a 
wealth of facts to be used in this study. Second, the Curie 
temperature of rochelle salt was close to room temperature making 
the ferroelectric phase or the nonferroelectric phase easily 
observed. Finally, a supply of large uniform crystals was found 
which was readily available. 
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GENERAL PROPERTIES OF ROCHELLE SALT C RYSTALS 



Pierre de la Seignette, an apothecary of La Rochelle, France, 
in 1672 produced a new salt of tartaric acid. This new salt, now 
commonly called rochelle salt, contained potassium substituted in 
one acid group and sodium in the other. The medical virtues and 
the chemical properties of rochelle salt became universally recog- 
nized by the late eighteen hundreds. The physical properties were 
first noted by the Curie brothers during their initial researches 
in piezoelectricity. The first quanitative measurements of the 
piezoelectric effect in rochelle salt were made by Pockels in 1894. 

He also was the first to report some of the anomolies in the dielect- 
ric properties in X cut crystals. When Valasek became interested in 
these crystals in 1921, they were fairly well known for their piezo- 
electric properties and some qualitative information on the di- 
electric properties had been published. He was the first investi- 
gator to report the presences of the two Curie temperatures between 
which rochelle salt crystals are ferroelectric. 

Rochelle salt crystals are grown by two methods, crystalliza- 
tion by cooling and crystallization by evaporation. In the first 
method a saturated solution of the crystals is prepared and a seed 
crystal is then placed in the solution. The temperature is very 
slowly lowered a tenth of a degree at a time. Very large crystals 
have been grown by this method and large scale commercial processes 
use this principle. The second method requires equally as much care 
and control for good crystals. The solution, with its seed crystal. 



is kept at a closely fixed temperature. The evaporation may take 
place in a dessicator or under vacuum. Crystals up to 2kg. have 
been grown by the first method and up to 200 grams by the second. 

Rochelle salt or potassium sodium tartrate tetrahydrate is the 
potassium sodium salt of tartaric acid with four molecules of water 
of crystallization. The chemical structural formula is as follows: 

KO .0 

V 

H-C-OH 

I . A H 0 

H-C-OH 

'A 

0 ONa 

As the structural formula shows the acid and consequently the salt 
are enantiomorphous. Only the dextro acid occurs in nature, al- 
though the levo form has been produced in laboratories* The 
crystals as normally obtained are of the right hand form since they 
are produced from the natural acid. 

The specific, or perhaps better the structural unit, weight 
is 282.184. The density at 25°C. is 1.775 + 0.003. The crystal 
changes to a mixture of sodium and potassium tartrates and their 
saturated solution at 55.6°C; at 58°C. these salts are completely 
dissolved in the water. This is called the "melting point" al- 
though cooling does not reproduce the rochelle salt but instead the 
separate potassium and sodium tartrates. The solubility of rochelle 
salt in water at 0°C. is 1.5 moles (420 g.) and at 30°C. it is 
4.90 moles (1390 g.) 
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